Positive strand RNA viruses have played important roles in pioneering discoveries in the field of virology. In the late 1890s, the plant virus, Tobacco mosaic virus (TMV) and the animal virus Foot and mouth disease virus were used in the first demonstrations of disease transmissibility by a bacteria-free filtrate. Proof of serial transmission of TMV by Beijerinck in1898 represented the beginning of virological research. TMV was also the first virus to be crystalized and the one for which infectivity of the genome RNA was first demonstrated. The flavivirus, Yellow fever virus, was the first virus to be identified as the cause of a human disease. The picornavirus, Poliovirus, was the first virus to be grown in explanted mammalian cell cultures, and the Togavirus, Western equine encephalitis virus, was used to develop the first plaque assay. Progress on understanding the replication of many positive strand RNA viruses was slowed by the lack of cell culture or host model systems. However, the development and application of molecular biology techniques allowed genome sequencing and the generation of viral infectious cDNA clones that led to an explosion of new information. Many of the positive strand RNA viruses that infect humans, animals, insects and plants are pathogens, and the diseases they cause are of major medical, veterinary, agricultural, and economic importance. Pathogens discussed in this issue include:
• the picornaviruses, Foot and mouth disease virus and Poliovirus, which has not yet been driven to extinction despite our best efforts; The genome of a positive strand RNA virus, unlike that of any other virus or organism, must function both as the repository of genetic information (i.e., as the genome) and also as a messenger RNA. Thus, the virus must coordinate the mutually exclusive activities of translation, RNA replication and encapsidation, all of which occur on the same genomic RNA molecule, but not at the same time. In addition, for many positive strand RNA viruses, the conflicting activities of full-length genome synthesis and subgenomic mRNA transcription from the same minus strand template must be balanced. All of these functions must be stringently regulated to insure that the appropriate amounts of each viral protein and each viral RNA are produced at the right times and in the right subcellular locations to facilitate a productive infection cycle. Almost the entire genome of a positive strand RNA is occupied by (sometimes overlapping) open reading frames encoding the viral proteins which leaves the main burden of regulating all of the complicated and interacting processes of the virus replication cycle up to the untranslated regions at the 5 and 3 ends of the viral genome. However, terminal regulatory sequences and structures sometimes extend into the coding regions, and in a few cases, are also located in internal regions of the genome. In summary, the importance of the ends of the genomes as master controllers of the positive strand RNA virus life cycle cannot be over emphasized.
The 3 ends of some, but not all positive strand RNA virus genomes, are polyadenalyated in the cytoplasm by the viral RdRp. For picornaviruses, polyadenylation occurs by a templatedependent reiterative transcription mechanism, and the length of the poly(A) tail is determined by conserved RdRp structures. Poly(A) tails function as a telomere of RNA genomes. The genomes of positive stand RNA viruses that lack a 3 poly(A) typically have conserved terminal 3 stem-loop structures. Interaction of the 3 UTR of some togaviruses with cell miRNAs determines cellular tropism and disease pathogenesis and interaction of this region with the cellular HuR protein mediates viral RNA stability. For Turnip crinkle virus, higher order 3-D cis-acting RNA structures have been identified in the 3 UTR, including an internal, ribosome-binding tRNA-like structure that functions as a 3 capindependent translation enhancer (3 CITE) and also serves as a scaffold for non-canonical upstream interactions. Barley yellow dwarf virus cap-independent genome translation and frameshifting, that is required for viral replicase translation, is also controlled by base pairing between regions of the 3 UTR and distant upstream sequences. However, a subgenomic RNA produced by this virus also regulates translation initiation in trans. The TMV 3 UTR contains cis-acting elements necessary for the initiation of negative strand RNA synthesis. A cis-acting tRNA-like structure in the 3 UTR of Brome mosaic virus functions as a minus-strand promoter and also in RNA recombination and virion assembly. The 5 ends of many animal and plant positive strand RNA genomes are covalently linked to a small terminal protein (VPg). The picornaviral RdRp links a UMP to the hydroxyl group of a tyrosine in VPg using a cis-replicating element (cre) in the genome as the template and then uses the synthesized VPg-pUpU as a primer for both minus and plus strand RNA synthesis. While the picornavirus VPg is not utilized for translation, the VPgs of caliciviruses recruit ribosomes to the genome RNA. Other positive strand RNA genomes have a 5 Type I cap that is added in the cytoplasm by viral enzymes during genome synthesis. Still others have a "naked" 5 end that in some cases is protected by base pairing with a cell miRNA (hepatitis C virus and hepatitis G virus). The 5 UTRs of some positive strand RNA viruses contain an internal ribosome entry site (IRES). Picornavirus and potyvirus IRESes use diverse cap-independent translation mechanisms, including internal recruitment of ribosomes and ribosomal scanning from the 5 end. A range of additional functions for genome 5 UTRs have been discovered. The 5 UTRs of some togaviruses antagonize host innate immune defenses. Binding of TMV replication proteins to the 5 -UTR during translation terminates translation from that RNA and leads to cis-preferential template selection for RNA replication.
Long distance base pairing of 3 and 5 terminal genome sequences forming a panhandle structure is required for the initiation of minus strand RNA synthesis for flaviviruses and togaviruses. Short repeated 3 and 5 sequences within RNA structures in coronavirus genomes regulate a discontinuous transcription mechanism used to synthesize a nested set of 3 subgenomic mRNA. The coronavirus 3 UTR also contains a putative molecular switch.
Positive strand RNA viruses with small genomes provide excellent model systems for studying the minimal requirements needed for diverse mechanisms of autonomous virus replication, because a plethora of regulatory and protein coding information is contained in a relatively small amount of sequence. Understanding how the 3 and 5 terminal regions of positive strand RNA genomes control replication and gene expression functions has revealed unimagined mechanisms for translation initiation, recoding, RNA structure (the first pseudoknot described was the 3 end of a positive strand plant viral genome), long-distance base pairing, and multitasking by RNA structural switching. In many cases, the end sequences must refold into alternative structures to perform different functions at different times in the infection cycle. In some cases, host RNAs or proteins are specifically recruited to facilitate these mechanisms.
We have assembled this collection of review articles, some of which contain original data, describing the current understanding of the functions of RNA sequences and structures at the ends of the genomes of a diverse group of positive strand RNA viruses of plants, animals and humans to provide virologists and other readers with a single source to learn about the similarities and differences of the multifarious structures and multifunctional sequences that are so crucial to the replication of positive strand RNA viruses.
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